® 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number. 



0 360 978 

A2 



EUROPEAN PATENT APPLICATION 



© Application number: 89109688.5 
® Date of filing: 30.05.89 



© int. CI A G1 18 5/127 , G11B 5/31 



® Priority: 27.09.88 JP 242887/88 

© Date of publication of application: 
04.04,90 Bulletin 90/14 

© Designated Contracting States: 
DE FR GB IT 



© Applicant: FUJITSU LIMITED 

1015, Kamikodanaka Nakahara-ku 
Kawasaki-shi Kanagawa 211(JP) 

© Inventor: Kanamlne, Michiaki c/o FUJITSU 
LIMITED 

Patent Department 1015 Kamikodanaka 
Nakahara-ku 

Kawasaki-shi Kanagawa 211(JP) 
Inventor: Koshikawa, Takao c/o FUJITSU 
LIMITED 

Patent Department 1015 Kamikodanaka 
Nakahara-ku 

Kawasaki-shi Kanagawa 211(JP) 



© Representative: Sunderland, James Harry et al 
HASELTfNE LAKE & CO Hazlltt House 28 
Southampton Buildings Chancery Lane 
London WC2A 1 AT(GB) 



© A thin film magnetic head for perpendicular recording and reproducing. 



© A thin film magnetic head, for perpendicular 
recording and reproducing, having a thin film main 
magnetic pole (12), a spiral coil (14) of electrically 
conductive film to one side of the main magnetic 
pole (12) t a first auxiliary magnetic pole (15) of thin 
film, covering the coil (14), and a second auxiliary 
magnetic pole (3: 31, 41; 32, 11) disposed to the 
other side of the main magnetic pole (12). The 
2! second auxiliary magnetic pole (3; 31: 32) is ar- 
™ ranged so that edge noises due to magnetic fluxes 
00 generated at the second auxiliary magnetic pole by 
£ja magnetic transition of the recording medium (2) 
are cancelled with one another and minimised- One 
©of these fluxes is a flux which passes through a 
j{J distributed magnetic leakage path between the main 
magnetic pole (12) and the second auxiliary mag- 
°netic pole (3; 31; 32). 
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A thin film magnetic head for perpendicular recording and reproducing. 



The present invention relates to a thin film 
magnetic head for perpendicular recording informa- 
tion on and reproducing information from a mag- 
netic medium. 

Magnetic heads for perpendicular recording fall 
roughly into two groups, one group including heads 
of a type known as the auxiliary pole excitation 
type and the other group including heads of a type 
known as the main pole excitation type. 

The former type has a disadvantage in that it is 
necessary to dispose an auxiliary pole having an 
excitation coil on a back side of a recording me- 
dium, with the result that inductance of the excita- 
tion coil becomes high and a large distance be- 
tween a main pole and the auxiliary pole reduces 
recording and reproducing efficiencies. 

On the other hand, in magnetic heads of the 
latter type, both a main magnetic pole and an 
excitation coil are disposed on the same, front side 
of a recording medium. Therefore, efficiency with 
which the recording medium is magnetised is un- 
related to thickness thereof. Various design con- 
figurations have been proposed for thin film mag- 
netic heads of the main pole excitation type, for 
perpendicular recording and reproducing. 

An example is disclosed in the Japanese Unex- 
amined Patent Publication "SHO-55-4730", laid- 
open on I4th January 1980, by S. Kawakami et al. 
A simplified cross-section of a head disclosed in 
this Japanese document is schematically shown in 
Fig. 1. 

A substrate 52 of soft magnetic material has a 
cut-away portion which is filled subsequently with 
non-magnetic insulating material 55. The substrate 
52 with the filling material 55 forms a slider of the 
magnetic head. A thin film spiral coil 53 is formed 
on a side surface of the substrate 52. insulated 
from the substrate by an insulating layer 54, and a 
main magnetic pole 51 of soft magnetic material is 
formed on a front portion thereof. A protective layer 
56 covers the entire surface. 

In this example the main magnetic pole 51 
forms a single magnetic enclosure with the sub- 
strate 52 and a recording medium 2, interlinking 
the spiral coil 53. 

In an effort to meet requirements for improved 
recording density in a recording medium and for 
enhanced resolution in the reproduction of informa- 
tion therefrom, another kind of perpendicular mag- 
netic head has been proposed, as disclosed in U.S. 
Patent No. 4 546 398. by J. Toda et ah. issued 8th 
October 1985. 

Figs. 2(a) and 2{b) are, respectively, a plan 
view and a cross-sectional view of a head dis- 
closed in that patent, the cross-section of Fig. 2(b) 



being taken along the line A-A in Fig. 2(a). A 
magnetic head 1 comprises a non-magnetic sub- 
strate 11 and a thin film main magnetic pole 12 
formed thereon. An insulating layer 13 is further 

s formed thereon, in which layer a thin film excitation 
coil 14 having a spiral configuration is buried. An 
auxiliary magnetic pole 15 is formed on the insulat- 
ing layer 13 and a protection layer 16 covers over 
the entire surface. 

w A recording medium 2 has a laminated struc- 

ture comprising a base layer 21, an underlying 
layer 22. and a recording layer 23. The underlying 
layer 22 is of soft magnetic material having a high 
permeability, and the recording layer 23 is of mag- 

is netic material having a high coercive force. 

The main magnetic pole 12 has a narrow tip 
portion 121 which serves to concentrate magnetic 
flux on to a small area on the recording medium 2. 
The auxiliary magnetic pole 15 has a protruding 

20 portion 151 towards and contacting a rear end of 
the main magnetic pole 12. The excitation coil 14 
surrounds the protruding portion 151 and ends of 
the coil 14 constitute leads 18. and the leads 18 
are further connected to external circuitry for signal 

25 processing. 

When the coil 14 is excited for recording, a 
substantial part of the generated magnetic flux 
flows through a magnetic path interlinking the front 
(lower half) portion of the excitation coil 14. The 

30 magnetic path or magnetic enclosure is composed 
of the main magnetic pole 12, the recording layer 
23, the underlying layer 22. the recording layer 23 
again, and the front portion of the auxiliary mag- 
netic pole 15. The magnetic flux crosses the gap 

35 Go (between the head and the recording medium) 
concentrated by the narrow width of the tip portion 
121 of the main magnetic pole, and the strong 
magnetic field magnetises the recording layer 23 in 
a perpendicular direction. Next, the magnetic flux 

40 extends through the underlying layer 22 of soft 
magnetic material in a lateral direction and returns 
to the auxiliary magnetic pole 15 crossing the re- 
cording layer 23 again. On the return path, the 
magnetic flux does not strongly affect the recording 

45 layer 23, which causes a pseudo-pulse signal to be 
provided during read operation, because a tip por- 
tion 152 of the auxiliary magnetic pole facing the 
recording medium has a broad width and is re- 
cessed a predetermined extent Dy from the level of 

so a tip portion 1 21 of the main magnetic pole. 

When reproducing information recorded in the 
recording medium, the recording medium 2 moves 
close to the main magnetic pole, and transitions of 
the perpendicular magnetisation of the recording 
medium cause changes in magnetic flux along the 



2 



3 



EP 0 360 978 A2 



4 



magnetic enclosure as described above, resulting 
in an induced current flowing through the coil 14, 
which current is processed to reproduce a signal 
corresponding to the recorded information. 

In the structures of magnetic heads of Rgs. 1, 
2(a) and 2(b), a single conspicuous magnetic en- 
closure is formed, in other words, a single mag- 
netic gap is formed between two magnetic poles. 
Although a rear portion of the coil 14, that is an 
upper half-portion of the coil 14 in Fig. 2(b), is 
covered by an upper portion of the auxiliary mag- 
netic pole 15, it does not form a conspicuous 
magnetic enclosure, therefore, it does not much 
affect magnetic field in the gap Go. 

Further, another type of a thin film magnetic 
head for perpendicular recording and reproducing 
is disclosed in U.S. Patent No. 4 404 609, R. E. 
Jones, Jr., issued 13th September 1983. An ar- 
rangement disclosed herein provides two auxiliary 
magnetic poles, and two magnetic gaps. The ar- 
rangement enhances magnetising forces at a tip 
portion of a main magnetic pole and improves 
recording and reproducing efficiency with respect 
to the recording medium. A schematic cross-sec- 
tion of the arrangement is shown in Fig. 3(a). The 
same reference numerals as appear in Rgs. 2{a) 
and 2(b) are used to denote the same or similar 
parts. 15a and 15b are rear and forward portions of 
auxiliary magnetic pole 15. 14a and 14b are rear 
and forward portions of coil 14. 

The magnetic head of Fig. 3(a) has a second 
auxiliary magnetic pole 25, a rear end portion of 
which contacts a rear end portion 153 of the first 
auxiliary magnetic pole 15. The widths of the mag- 
netic layers, which constitute the main magnetic 
pole 12 and first and second magnetic poles 15, 25 
are progressively narrower as their distance from a 
non-magnetic substrate 11 or slider increases. The 
gaps between the surface of the recording medium 
2 and each pole tip are the same. The thickness of 
the tip portion of the main magnetic pole 12 is 
made less than the thicknesses of the other two 
auxiliary poles, for example about 1 micron in 
comparison with 2.5 to 3 microns. 

The configuration of Fig. 3(a) has two distinct 
magnetic enclosures; the first enclosure starting 
from contact point 151, passing through main mag- 
netic pole 12. recording medium 2, a front half 
portion 15b of auxiliary magnetic pole 15, and then 
returning to the contact point 151 in a clockwise 
direction; and the second enclosure starting from 
contact point 151, passing through main magnetic 
pole 12, recording medium 2, second auxiliary 
magnetic pole 25, rear half portion 15a of first 
auxiliary magnetic pole 15, and then returning to 
the contact point 151 in a counter-clockwise direc- 
tion. Because current directions interlinking front 
and rear portions 14a, 14b of coil 14 are opposite. 



the magnetic fields generated in the common gap 
(the gap common to both the above-mentioned 
magnetic enclosures) between the tip of the main 
magnetic pole 12 and the recording medium 2 
5 work additively. On the other hand, the directions 
of magnetic force induced at the tip portions of the 
first and second auxiliary poles are in a reversed 
direction as compared with that of the main mag- 
netic pole. 

io The configuration of Fig. 3(a) has an advantage 

in that the magnetising force in the recording me- 
dium at the tip portion of the main magnetic pole 
12 is remarkably enhanced by the existence of the 
second auxiliary magnetic pole. 

15 When a magnetic head of this type is used, the 

signal generated during reproducing operation can 
be reshaped for example to a signal having a 
shape S as shown in Fig. 3(b). The signal S has a 
single positive pulse part, and has leading and 

20 trailing negative pulse parts. The signal S can be 
sensed as a single narrow pulse by prior art tech- 
nology similar to the output of the single gap two- 
pole thin film transducer for longitudinal recording. 
When the structures of the magnetic head as 

25 discussed above and disclosed in the Japanese or 
U.S. documents are utilised, it is found that edge 
noises generated during reproducing by auxiliary 
poles cannot be neglected, which results in deterio- 
ration of recording and reproducing efficiency. 

so An embodiment of the present invention can 

provide a thin film magnetic head for perpendicular 
recording and reproducing which has a high re- 
cording and reproducing capability. 

An embodiment of the present invention can 

35 provide a thin film magnetic head which can gen- 
erate a large magnetising force on to a recording 
medium in the region of a main magnetic pole, but 
which provides reproduction accompanied by re- 
duced or minimum edge noise at regions of auxil- 

40 iary magnetic poles. 

An embodiment of the present invention can 
provide a thin film magnetic head which can easily 
be fabricated by thin film technology. 

An embodiment of the present invention can 

45 provide a thin film magnetic head which can afford 
a high recording density and a high resolution in 
reproduction, minimising edge noise, and which 
can be easily fabricated. 

A magnetic head in accordance with an em* 

so bodiment of the present invention comprises a 
main magnetic pole of thin film; a spiral coil of thin 
film disposed adjacent to and substantially parallel 
to a plane of the main magnetic pole, the centre of 
the coil being arranged at a rear end portion of the 

55 main magnetic pole; a first auxiliary magnetic pole 
disposed adjacent to and substantially parallel to a 
plane of the coil, the centre portion thereof contact- 
ing with the rear end portion of the main magnetic 
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pole; and a second auxiliary magnetic pole dis- 
posed on another side of the main magnetic pole, a 
rear end portion of the first auxiliary magnetic pole 
contacting with the second auxiliary magnetic pole. 
Further, the arrangement of the above component 
parts is such that induced magnetic fluxes flowing 
through first and second magnetic enclosures are 
substantially equal and opposite in direction to 
each other, wherein the first magnetic enclosure 
comprehends the tip portion of the second auxiliary 
magnetic pole, a front portion of the second auxil- 
iary magnetic pole, the main magnetic pole through 
a distributed leakage path, a front portion of the 
first auxiliary magnetic pole, and a recording me- 
dium, and the second magnetic enclosure com- 
prehends the tip portion of the second auxiliary 
magnetic pole, the second auxiliary magnetic pole, 
a rear portion of the first auxiliary magnetic pole, 
the main magnetic pole* and the recording me- 
dium. 

The present invention is based upon the in- 
sight by the inventors, that a distributed leakage 
path between the main magnetic pole and the 
second auxiliary magnetic pole forms an indepen- 
dent magnetic enclosure which plays an important 
role in a magnetic head having two auxiliary mag- 
netic poles. This magnetic enclosure or circuit has 
been entirely unrecognised in the prior art. When 
the first and second auxiliary magnetic poles are 
arranged asymmetrically with regard to the main 
magnetic pole such that the distance between the 
main magnetic pole and the second auxiliary mag- 
netic pole is made larger and selected to have a 
predetermined value in accordance with an em- 
bodiment of the present invention, the magnetic 
fluxes induced in two magnetic enclosures, each 
interlinking the coil, cancel each other, resulting in 
the generation of almost no edge noise due to the 
second auxiliary pole. 

Reference is made, by way of example, to the 
accompanying drawings, in which:- 

Fig. 1 shows a schematic cross-section of a 
prior art thin film magnetic head having a main 
magnetic pole and a soft magnetic substrate, 

Figs. 2(a) and 2(b) are, respectively, a plan 
view and a cross-sectional view of another prior art 
thin film magnetic head having a main magnetic 
pole and a single auxiliary pole of thin film. 

Fig 3(a) is a schematic cross-sectional view 
of still another prior art thin film magnetic head 
having a main magnetic pole and two auxiliary 
magnetic poles of thin film disposed on two sides 
of the main magnetic pole, 

Fig. 3(b) illustrates a signal pulse shape ob- 
tained when the magnetic head of Fig. 3(a) is used 
for reproducing, 

Rg. 4 is a schematic cross- sectional view of 
a thin film magnetic head structure utilised in an 



embodiment of the present invention, this Figure 
serving to assist in explanation of principles behind 
the present invention. 

Fig. 5(a) and 5(b) are. respectively, a sche- 
5 matic cross-sectional view and a signal response 
curve pertaining to the structure of Fig. -4 when a 
distance Ds between a main magnetic pole and 
second auxiliary magnetic pole is small, whereby a 
magnetic enclosure PASt interlinking a spiral coil 
to predominates the edge noise, 

Fig. 6(a) and 6(b) are, respectively, a sche- 
matic cross- sectional view and a signal response 
curve pertaining to the structure of Fig. 4 when the 
distance Ds is comparatively large, whereby a 
15 magnetic enclosure PAS 2 interlinking the spiral coil 
predominates the edge noise, 

Figs. 7(a) and 7(b) are, respectively, a plan 
view and a cross-sectional view of an embodiment 
of the present invention, 
20 Fig. 8 shows curves of distance Ds versus 

edge noise to main signal pulse ratio for magnetic 
heads in accordance with the present invention and 
the prior art. 

Figs. 9(a) and 9(b) are, respectively, a plan 
25 view and a cross-sectional view of another embodi- 
ment of the present invention, and 

Figs. 10(a). 10(b) and 10(c) are schematic 
cross-sectional views showing examples of means 
for adjustment of magnetic resistance along mag- 
30 netic enclosures which can be employed in em- 
bodiments of the present invention. 

Fig. 4 is a cross-sectional view illustrating basic 
configuration of a thin film magnetic head in accor- 
dance with an embodiment of the present inven- 
35 tion, for the purpose of explaining principles there- 
of. The same reference numerals as in Figs. 1 to 3 
are used in Fig. 4 to indicate the same or like 
parts. 

An auxiliary magnetic pole 15 of thin film is 

40 provided and the centre portion 151 thereof is in 
contact with a rear end portion of a main magnetic 
pole 12. Another auxiliary magnetic pole 3 is pro- 
vided on an opposite side of the main magnetic 
pole 12, and the rear ends of the two auxiliary 

45 magnetic poles contact each other. 

Herein, the auxiliary magnetic pole 15 will be 
called the first auxiliary magnetic pole and the 
other auxiliary magnetic pole 3 will be called the 
second auxiliary magnetic pole. 

so The second auxiliary magnetic pole 3 may be 

a substrate of soft magnetic material or a layer of 
soft magnetic material formed on a substrate of 
non-magnetic material. The substrate has. in either 
case, the function of a slider which maintains the 

55 magnetic head 1 close to or contacting recording 
medium 2. A spiral coil 14 of thin film is formed 
surrounding the contact region 151. The first auxil- 
iary magnetic pole 15 is formed in such a manner 
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as to cover the spiral coil 14 with a ttiin layer of 
non-magnetic insulating material (not shown) sand- 
wiched between pole 15 and coil 14. In Fig. 4, 
space enclosed by the first and second auxiliary 
poles 15 and 3 is assumed to be filled with a non- 
magnetic insulating material 4. 

Relative movement between head and record- 
ing medium 2 takes place with the medium in 
contact with or close to front tips of both the main 
magnetic pole 12 and second auxiliary magnetic 
pole 3. On the other hand, the front tip 152 of the 
first auxiliary pole is maintained at a short distance 
from the surface of the recording medium 2. The 
main magnetic pole 12 and first and second auxil- 
iary magnetic poles 15 and 3 are of soft magnetic 
material, and the recording medium also comprises 
a magnetic layer; therefore, magnetic enclosures, 
in other words, magnetic circuits are formed. 

Three magnetic enclosures, which interlink with 
coil 14, play an important role during operation of 
the magnetic head. 

The first magnetic enclosure is formed by a 
closed circuit which is denoted as PASo, including 
a gap Go (between main pole and recording me- 
dium), the main magnetic pole 12, the contact 
region 151, a front half 15b of the first auxiliary 
magnetic pole 15, and the recording medium 2. 

The second magnetic enclosure is formed by a 
closed circuit PASi including a gap G2 (between 
second auxiliary pole and recording medium), a 
front half 3b of the second auxiliary magnetic pole 
3. a distributed leakage path to the main magnetic 
pole 12. the contact region 151, a front half 15b of 
the first auxiliary magnetic pole 15, and the record- 
ing medium 2. 

The third magnetic enclosure is formed by a 
closed circuit PAS2 including the gap G2, the sec- 
ond auxiliary magnetic pole 3, a rear portion 15a of 
the first auxiliary magnetic pole 15, the contact 
region 151, the main magnetic pole 12. (gap Go) 
and the recording medium 2. 

The magnetic flux interlinking the coil 14 and 
passing through the gap Go between the main 
magnetic pole 12 and the recording medium 2 
plays a main function in recording or reproducing 
during operation of the head. The directions of the 
magnetic enclosures PASc and PAS2 crossing the 
gap Go are assumed to be opposite. The directions 
of the coil currents flowing through the coil 14 
which interlinks the two magnetic enclosures PASo 
and PAS 2 are also opposite with regard to 
(through) the surface of the sheet on which the 
Figure is drawn. Therefore, the magnetic fluxes 
caused by the coil currents and flowing through 
two magnetic enclosures work additively at the gap 
Gc and contribute to enhance recording efficiency 
of the magnetic head. The similar effect can be 
expected in enhancing reproducing efficiency. 



The provision of the second auxiliary magnetic 
pole 3, on the other hand, has a demerit in that 
edge noises are generated in reproducing opera- 
tion of the head by a magnetic transition of the 

s recording medium moving at the gap G2. 

The magnetic flux induced at the gap G 2 be- 
tween the second auxiliary magnetic pole 3 and the 
recording medium 2 during reproducing operation, 
will now be considered. 

70 The directions of the magnetic enclosures 

PAS1 and PAS 2 are assumed in the same counter- 
clockwise directions as shown in Fig. 4. Because 
two magnetic enclosures interlink a front portion 
14b and rear portion 14a of the coil 14 respectively 

15 in which the induced coil currents flow in opposite 
directions with regard to (through) the surface of 
the sheet on which the Figure is drawn, the effects 
caused by two magnetic enclosures work subtrac- 
ts vely. 

so In the prior art head of Rg. 3(a), a distance Ds 

between the main magnetic pole 12 and the sec- 
ond auxiliary magnetic pole 3 is very small in a 
design of the magnetic head, and the leakage path 
between the second auxiliary magnetic pole 3 and 

25 the main magnetic pole 12 forming the magnetic 
enclosure PASi has not been recognised or con- 
sidered. 

With the insight provided by the inventors it is 
clear that, when Ds is very small, the effect of 

30 PASi predominates over that of PAS2 because of a 
low magnetic resistance in the leakage path cor- 
responding to Ds. When magnetic flux is induced 
at the tip of the second auxiliary magnetic pole by 
a transition of magnetization in the recording me- 

35 dium 2 in reproducing operation, the induced mag- 
netic flux is sensed as edge noise generated along 
the PASi which interlinks the coil 14b. This results 
in deterioration of reproducing efficiency. 

Rg. 5(a) gives a schematic cross-sectional il- 

40 lustration of the above case, and Fig. 5(b) shows a 
signal response curve obtained when the magnetic 
head of Fig. 5(a) is used for reproducing. Pulse Pi 
is a main signal pulse generated by a magnetic 
transition in the recording medium, and P2 is an 

45 edge noise pulse, having the same polarity as the 
main pulse arising due to the effects of magnetic 
enclosure PASi . 

When the distance Ds is selected to be large, 
such as is shown in the schematic cross-section of 

so Rg. 6(a), a magnetic resistance of PAS: increases, 
especially over the leakage path between the sec- 
ond auxiliary magnetic pole 3 and the main mag- 
netic pole 12. This being so, the magnetic flux 
along the magnetic enclosure PAS 2 predominates 

ss in interaction between the coil 1 4a and a magnetic 
transition of the recording medium 2. The signal 
response curve obtained when the head of Rg. 6(a) 
is used is shown in Rg. 6(b), in which an edge 
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noise pulse P3 exhibits reversed polarity with re- 
gard to the main signal pulse Pi . 

In an embodiment of the present invention, the 
effects of magnetic flux due to two magnetic enclo- 
sures PAS: and PAS2 are selected to be essen- 
tially equal but opposite in polarity, which is 
achieved by choosing the distance Ds to be suffi- 
ciently large and to have a predetermined value. 
Edge noise effects due to respective magnetic 
enclosures PASi and PAS2 cancel each other out 
and overall edge noise can be reduced or minimis- 
ed. Minimum edge noise can be achieved by se- 
lectively choosing distance Ds as described above; 
in other words, by selectively determining the mag- 
netic resistance (magnetic reluctance) along the 
enclosures PASi and PAS 2 . The magnetic reluc- 
tance change may be achieved in embodiments of 
the invention by various means, for instance by a 
change of magnetic head structure such as a 
change of distance Ds, thickness of magnetic 
poles, permeability of soft magnetic material, etc. 

Figs. 7(a) and 7(b) are respectively a plan view 
and a cross-section, taken along the line A- A of 
Fig. 7(a). of a magnetic head according to an 
embodiment of the present invention. A substrate 
31 is of soft magnetic material such as of NiZn or 
MnZn ferrites. The substrate 31 has two functions, 
acting as the second auxiliary magnetic pole pre- 
viously explained and as a slider for floating the 
magnetic head. The substrate 31 has a cut-away 
portion 32 which is filled with non-magnetic insulat- 
ing material 41. The cut-away portion 32 has a 
depth ranging from 20 to 100 microns, preferably 
in the range 60 to 80 microns, in a horizontal 
direction as seen in Fig. 7(b). As the non-magnetic 
insulating material, low melting point glass or sili- 
con dioxide (SiO*) may be used. The above depth 
or the thickness of the burled non-magnetic ma- 
terial, defines the distance Ds between the main 
magnetic pole 12 and the second auxiliary mag- 
netic pole 31. 

The main magnetic pole 12 is formed on a 
surface of the buried non-magnetic material 41. 
and has a thickness of about 3 to 5 microns except 
for a tip portion 121 thereof where the thickness is 
made smaller, about 0.2 to 0.5 microns, and a 
width thereof is made narrower, for example about 
10 microns. The magnetic material used for the 
main pole 12 may be any of permalloy (NiFe 
alloy), CoZr alloy, etc. A spiral coil 14 is disposed 
above the main magnetic pole 12 and has a thick- 
ness of about 2 to 3 microns, and is buried in an 
intermediate insulating layer 13. The spiral coil 14 
is made of electrically conductive material such as 
copper or aluminium thin film, and the centre of the 
coil is disposed at a rear end of the main magnetic 
pole 12. The spiral coil 14 can be formed in a 
double-layer structure or, In some cases, in a multi- 



layer structure. 

A first auxiliary magnetic pole 15 made of thin 
film having a thickness of 3 to 5 microns is formed 
above the coil 14, having the intermediate insulat- 

5 ing layer 13 therebetween. The first auxiliary mag- 
netic pole 15 has a distance from the main mag- 
netic pole 12 of about 10 to 20 microns for a single 
or double-layer structure of the spiral coil 14. The 
distance increases to about 50 microns in the case 

70 of a four-layer structure of the spiral coil. A soft 
magnetic material such as permalloy or CoZr alloy 
is used for the first auxiliary magnetic pole 15. The 
tip portion 152 thereof is not at the same level as 
the tip of the main magnetic pole 12. The gap Gi 

is to the recording medium 2 of the first auxiliary 
magnetic pole 15 is larger than that of the main 
magnetic pole. The recess dimension Dy in Fig. 7- 
(b) is selected to be in the range 10 to 20 microns. 
The centre portion 151 protrudes or intrudes to- 

20 wards the rear end portion of the main magnetic 
pole 12 and contacts that end portion. Further, the 
rear end portion 153 of the first auxiliary magnetic 
pole 15 is made to contact the substrate 31 of soft 
magnetic material. Finally, a protective layer 16 of 

25 Si02 or AI2O3 is formed covering the entire sur- 
face. 

In fabrication of the above magnetic head, 
sputtering, photolithography and other technologies 
of the prior art can be utilised. Front tip surface 17 

30 of the whole assembly facing recording medium 2, 
including the protective layer 16, the main mag- 
netic pole 12, and the substrate 31 with the buried 
non-magnetic insulating material 41, is polished 
flat. The surface 1 7 works as a floating surface (an 

35 air-bearing surface of the floating magnetic head) 
which contributes to the maintenance of a precise 
gap to a recording medium. The tip portion 121 of 
the main magnetic pole and the end surface of the 
substrate 31 are on the same level, but the tip 

40 portion 152 of the first auxiliary magnetic pole is 
buried in the protective layer 1 6 and has a recess 
dimension Dy from the tip surface 17. The provi- 
sion of the recess Dy (though not essential to the 
present invention) contributes to the minimisation 

45 of another kind of edge noise, caused by the first 
auxiliary magnetic pole. Thus, a magnetic head 
with reduced or minimum edge noises can be 
obtained, resulting in enhancing recording and re- 
producing efficiencies. 

50 Fig. 8 shows data illustrating edge noise to 

main pulse ratio, expressed as a percentage, for a 
magnetic head as in Figs. 7. In Rg. 8, the abscissa 
indicates distance Ds between the main magnetic 
pole 12 and the side surface 32 of the substrate 

55 31. Curve A is provided by computer simulation for 
changing distances Ds. Curve A crosses the edge 
noise ratio zero level in a Ds range of about 60 to 
80 microns. When Ds is below this range, edge 
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noise shows a positive polarity such as Is Indicated 
in Fig. 5(b), and when Os is above this range, it 
shows a negative polarity as indicated in Fig. 6(b). 
The above data indicates that edge noise almost 
vanishes when the filled portion with the non- mag- 
netic insulating material 41 in Fig. 7(b) has the 
depth (Ds) of about 60 to 80 microns. However, the 
Ds value satisfying the cancellation condition varies 
in a range from 20 to 100 microns depending on 
other features of the magnetic structure of the 
magnetic head, which features include thickness, 
width, permeability, etc., of the main magnetic 
pole, and the first and second auxiliary magnetic 
poles. 

Curve B of Fig. 8 shows data taken in the 
similar way for a magnetic head of the prior art as 
shown in Fig. 1. The edge noise has a negative 
polarity and shows a much greater magnitude than 
that of curve A. To reduce the edge noise of the 
prior art head of Fig. 1, it is known that it is 
effective to remove a corner portion 521 (see Fig. 
1) of the substrate 52 which contacts with non- 
magnetic material 55 and faces recording medium 
2. However, edge noise cannot be made to dis- 
appear, and fabrication of the magnetic head hav- 
ing such a cut-away portion of the substrate 52 is a 
difficult process. 

As explained above, the thin film magnetic 
head of the embodiment of the present invention 
described above has features of high recording 
density and high reproducing efficiency without 
edge noise, and the fabrication thereof is easy. 
Further, magnetic disturbances induced by external 
parts or circuits are absorbed in the soft magnetic 
material of the substrate 31 in Fig. 7(b), and there- 
fore such magnetic disturbances do not affect the 
functions of the main magnetic pole 12. However, 
substrate materials such as NiZn ferrite or MnZn 
ferrite are inferior to other thin soft magnetic ma- 
terials used, in terms of high frequency characteris- 
tics. 

In order to further improve recording and re- 
producing efficiencies for high-speed operation, at 
frequencies such as several tens of MHz, a further 
embodiment of the present invention, as next ex- 
plained, may be employed. This embodiment is 
shown in Figs. 9(a) and 9(b), and can solve the 
above problem in high-speed operation. A particu- 
lar feature of this embodiment is that a second 
auxiliary magnetic pole 32 is made of a thin film of 
soft magnetic material, having a superior character- 
istic in terms of high-speed (high-frequency) opera- 
tion, formed on a non-magnetic substrate 11. The 
substrate 11 works as a slider of the floating mag- 
netic head. Fig. 9(a) is a plan view and Fig. 9(b) is 
a cross-sectional view taken along the line A-A of 
Fig 9(a). 

The substrate 11 is made of non-magnetic 



material such as AbOa.TiC. and the thin soft mag- 
netic film 32 of permalloy or CoZr is deposited on 
the substrate 11 by a sputtering method, and the 
thin magnetic film 32 functions as the second auxil- 

s tary magnetic pole 3 of Fig. 4. The thickness of the 
thin magnetic film 32 is about 3 to 5 microns which 
is similar to the thickness of the first auxiliary 
magnetic pole 15. A non-magnetic insulating layer 
42, of Si02 or AI2O3, is formed covering a substan- 

70 tial part of the second auxiliary magnetic pole 32 
and the thickness of this layer defines the distance 
Ds. On a surface of the non-magnetic insulating 
layer 42, a main magnetic pole 12, an intermediate 
insulating layer 13, a thin film coil 14, and a first 

15 auxiliary pole 15 are formed in order. The struc- 
tures of the main magnetic pole 12, the thin film 
coil 14, and the first auxiliary magnetic pole 15 are 
formed in ways similar to those used for embodi- 
ments of Figs. 7. Therefore, the distance Os and 

20 the shape and disposition of the first auxiliary mag- 
netic pole 15 with regard to the main magnetic pole 
12 are arranged in a similar way. However, a rear 
end portion 153 of the first auxiliary magnetic pole 
15 is made to contact with an exposed rear end 

25 portion of the second auxiliary magnetic pole 32. A 
protective layer 16 covers the entire head assem- 
bly. 

By using the structure of Figs. 9. in which the 
second auxiliary magnetic pole 32 of thin soft mag- 

30 netic film is formed on the non-magnetic substrate 
11. superior high efficiency can be obtained in 
recording and reproducing, again without, or with 
reduced, edge noise. 

In the above explanation of embodiments of 

35 the invention, proper selection of the distance Ds 
between the main magnetic pole and the second 
auxiliary magnetic pole has been emphasised. 
However, in embodiments of the invention, other 
means or methods may be used to provide that 

40 magnetic resistance along the path PASi is sub- 
stantially equal to that along the PAS2 . Many modi- 
fications are possible as a means to satisfy the 
cancellation condition, in which any features of 
magnetic pole configuration, thickness and materi- 

45 als, etc., may be changed. 

Three possibilities are shown in Figs. 10(a), 10- 
(b) and 10(c). Fig. 10(a) shows a configuration 
where the main magnetic pole 12 is composed of a 
double layer 60, 61 , each layer having a different 

50 permeability. Fig. 10(b) shows an additional mag- 
netic layer 64 added to adjust a magnetic resis- 
tance along the magnetic enclosures. Hg. 10(c) 
shows an additional magnetic layer 66 added to the 
auxiliary magnetic pole 3 to adjust a magnetic 

55 resistance along the magnetic enclosures. 

An embodiment of the present invention pro- 
vides a thin film magnetic head for perpendicular 
recording and reproducing, the magnetic head 
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comprising a main magnetic pole of thin film, a 
spiral coil of electrically conductive film disposed 
on a side of the main magnetic pole, a first auxil- 
iary magnetic pole of thin film covering the coil, 
and a second auxiliary magnetic pole disposed on 5 
another side of the main magnetic pole, forming a 
substrate or being formed on a non-magnetic sub- 
strate. It has been made clear above that a distrib- 
uted magnetic leakage path between the main 
magnetic pole and the second auxiliary magnetic io 
pole plays an important role in head operation. 
When the second auxiliary magnetic pole is prop- 
erly arranged according to the invention, edge 
noises due to magnetic fluxes generated at the 
second auxiliary magnetic pole by a magnetic tran- is 
sition of the recording medium, each magnetic flux 
flowing through two magnetic enclosures and inter- 
linking the coil, are cancelled with one another and 
minimised. The low edge noise characteristic con- 
tributes to enhance recording and reproducing effi- 20 
ciency of the thin film magnetic head. 

Claims 

25 

1. A thin film magnetic head for perpendicular 
recording information on and reproducing informa- 
tion from a recording medium, the magnetic head 
comprising:- 

a first thin magnetic film for recording and re- 30 
producing, a tip of a forward portion thereof being 
intended for arrangement close to or in contact with 
the recording medium, 

a conductive thin film coil disposed to one side of 
said first thin magnetic film, adjacent to and sub- 35 
stantially parallel to a plane thereof, the coil being 
centred at a rear end portion of said first thin 
magnetic film. 

a second thin magnetic film disposed adjacent to 
and substantially parallel to said coil, extending ao 
over forward and rear portions of said coil, a centre 
portion of the second thin magnetic film contacting 
the rear end portion of said first thin magnetic film, 
an auxiliary magnetic pole disposed to another side 
of said first thin magnetic film, a tip of a forward 45 
portion of the auxiliary magnetic pole forming a flat 
surface with the tip of said first thin magnetic film 
and facing the recording medium, and the auxiliary 
magnetic pole being contacted by a rear end por- 
tion of the second thin magnetic film, and 50 
said first and second thin magnetic films and said 
auxiliary magnetic pole serving to form first and 
second magnetic enclosures when the head is in 
use. each magnetic enclosure interlinking with said 
coil, and the first magnetic enclosure including the 55 
tip of the forward portion of the auxiliary magnetic 
pole, the forward portion of the auxiliary magnetic 
pole, the first thin magnetic film through a distrib- 



uted magnetic leakage path, the forward portion of 
the second thin magnetic film, and the recording 
medium in place when the head is in use. and the 
second magnetic enclosure including the tip of the 
forward portion of the auxiliary magnetic pole, the 
auxiliary magnetic pole, the rear portion of the 
second thin magnetic film, the first thin magnetic 
film, and the recording medium in place when the 
head is in use, wherein said first and second mag- 
netic films and said auxiliary magnetic pole are 
arranged such that, when the magnetic head is 
excited by a magnetic transition of the recording 
medium, a batance of magnetic fluxes induced at 
the tip of the forward portion of the auxiliary mag- 
netic pole and flowing respectively through the first 
and second magnetic enclosures is provided, 
whereby those fluxes are equal but opposite in 
direction to one another. 

2. A thin film magnetic head as claimed in 
claim 1, wherein the distance between said first 
thin magnetic film and said auxiliary magnetic pole 
is selected at a predetermined value such as to 
establish the said balance of fluxes. 

3. A thin film magnetic head as claimed in 
claim 2. wherein said predetermined value is in the 
range 20 to 100 microns. 

4. A thin film magnetic head as claimed in 
claim 3, wherein distance between said first and 
second thin magnetic films is less than 50 microns. 

5. A thin film magnetic head as claimed in 
claim 4. wherein a distance between said first and 
second thin magnetic films is less than 20 microns, 
the said coif having a single or double-layer struc- 
ture. 

6. A thin film magnetic head as claimed in any 
preceding claim, wherein said auxiliary magnetic 
pole is of thin magnetic film, facing said first thin 
magnetic film, formed on a substrate of non-mag- 
netic material. 

7. A thin film magnetic head as claimed in any 
one of claims 2 to 5. wherein said auxiliary mag- 
netic pole is provided by a substrate of magnetic 
material having a cut-away portion facing said first 
and second thin magnetic films, said portion being 
filled with non-magnetic material and arranged 
such that the depth thereof, defining a distance 
between said first thin magnetic film and auxiliary 
magnetic pole, is selected to have the predeter- 
mined value. 

8. A thin film magnetic head as claimed in 
claim 6 or 7. being of a floating head type, a front 
tip surface of said substrate which confronts the 
recording medium when the head is in use being 
flat and forming a slider which maintains the mag- 
netic head close to or in contact with the recording 
medium. 

9. A thin film magnetic head as claimed in any 
preceding claim , wherein said magnetic head fur- 
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ther includes additional means for adjusting mag- 
netic resistance of the first and/or the second mag- 
netic enclosure. 

10. A thin film magnetic head as claimed in 
any preceding claim, wherein the tips of the for- 
ward portions of both said first thin magnetic film 
and said auxiliary magnetic pole conform to a flat 
surface to which intermediate material, between 
those tips, aJso conforms. 

1 1 . A thin film magnetic head as claimed in 
claim 10. where the a tip of a forward portion of 
said second thin magnetic film is recessed from 
the said flat surface. 

12. A thin film magnetic head as claimed in 
any preceding claim, wherein the tip of the forward 
portion of said first thin magnetic film, confronting 
the recording medium when the head is in use. Is 
of small width and thickness. 

13. A thin film magnetic head for perpendicular 
recording information on and reproducing informa- 
tion from a recording medium, the magnetic head 
comprising :- 

a substrate of soft magnetic material, a side portion 
thereof being partially removed and filled with a 
non-magnetic insulating material forming a flat sur- 
face with the substrate, the depth to which sub- 
strate is removed having a predetermined value, 
a first thin magnetic film formed on said non^ 
magnetic insulating material, a tip portion of the 
first thin magnetic film being flush with a front tip 
surface of said substrate, which front tip surface 
confronts the recording medium when the head is 
in use, 

a coil of conductive thin film, a front portion thereof 
disposed above said first thin magnetic film and a 
rear portion thereof disposed above the non-mag- 
netic insulating material filling the substrate, both 
front and rear portions being buried in an inter- 
mediate insulating layer, and the centre of the coil 
being arranged at a rear end portion of the first thin 
film, and 

a second thin magnetic film disposed on the inter- 
mediate insulating layer and covering front and rear 
portions of said coil, the centre portion of the 
second thin magnetic film contacting with a rear 
end portion of said first thin magnetic film through 
the coil centre, and a rear end portion of the 
second thin film contacting with said substrate. 

14. A thin film magnetic head as claimsd in 
claim 13, wherein said predetermined value is in 
the range 20 to 1 00 microns. 

15. A thin film magnetic head as claimed in 
claim 14, wherein said second thin magnetic film 
has a distance from said first thin magnetic film of 
less than 50 microns. 

16. A thin film magnetic head for perpendicular 
recording information on and reproducing informa- 
tion from a recording medium, the magnetic head 



comprising:- 

a substrate of non-magnetic material, 

an auxiliary thin magnetic film formed on said 

substrate, 

5 a first insulating layer formed on said auxiliary thin 
magnetic film and having a thickness of a predeter- 
mined value. 

a first thin magnetic film formed on said first in- 
sulating layer, a front tip portion thereof being flush 
70 with front tip portions of said substrate and auxiliary 
thin magnetic film and first insulating layer, facing 
the recording medium, 

a coil of conductive thin film, a front portion thereof 
disposed above said first thin magnetic film and a 

is rear portion thereof disposed above said first in- 
sulating layer, both portions being buried in a sec- 
ond insulating layer, and the centre of the coil 
being arranged at a rear end portion of the first thin 
magnetic film, and 

20 a second thin magnetic film formed on the second 
insulating layer having a distance from said first 
thin magnetic film smaller than said predetermined 
value and covering front and rear portions of said 
coil, the second thin magnetic film further extend- 

25 ing to cover rear peripheral portions of said first 
and second insulating layers and contacting with 
said auxiliary thin magnetic film at a rear end 
portion thereof, and the centre portion of the sec- 
ond thin magnetic film contacting with the rear end 

30 portion of said first thin magnetic film through the 
coil centre. 

17. A thin film magnetic head as claimed in 
claim 16, wherein said predetermined value ranges 
from 20 to 100 microns and said distance is less 
35 than 50 microns. 
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